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Description
Technical Field

[0001] The invention relates to a method of operating
a piezoelectric fuel injector. More specifically, the inven-
tion relates to a method of operating a piezoelectric fuel
injector in order to improve its operational life. The inven-
tion also relates to a drive arrangement for implementing
such a method.

Background to the Invention

[0002] Inaninternal combustion engine, it is known to
deliver fuel into the cylinders of the engine by means of
a fuel injector. One such type of fuel injector that permits
precise metering of fuel delivery is a so-called 'piezoe-
lectric injector’. Typically, a piezoelectric injector includes
a piezoelectric actuator that is operable to control an in-
jection nozzle. The injection nozzle houses an injector
valve needle which is movable relative to a valve needle
seating under the control of the actuator. A hydraulic am-
plifier is situated between the actuator and the needle
such that axial movement of the actuator causes an am-
plified axial movement of the needle. Depending on the
amount of charge applied to, or removed from, the pie-
zoelectric actuator, the valve needle is either caused to
disengage the valve seat, in which case fuel is delivered
into the associated engine cylinder through outlets pro-
vided in a tip of the nozzle, or is caused to engage the
valve seat, in which case fuel delivery through the outlets
is prevented. The amount of charge is varied causing the
valve needle to move between closed and open posi-
tions.

[0003] The amount of charge applied to and removed
from the piezoelectric actuator can be controlled in one
of two ways. In a charge control method, a current is
driven into or out of the piezoelectric actuator for a period
oftime so as to remove or add, respectively, ademanded
charge to or from the stack, respectively. Alternatively,
in a voltage control method a current is driven into or out
of the piezoelectric actuator until the voltage across the
piezoelectric actuator reaches a demanded level. In ei-
ther case, the voltage across the piezoelectric actuator
changes as the level of charge on the piezoelectric ac-
tuator varies, and vice versa.

[0004] Document WO 2005/071248 deals with the op-
timisation of the charge profile of a piezoelectric injector.
[0005] In order to initiate an injection of fuel, the drive
circuit causes the differential voltage across the actuator
terminals to transition from a high level at which no fuel
delivery occurs to a relatively low level to initiate fuel de-
livery. An injector responsive to this drive waveform is
referred to as a 'de-energise to inject’ injector. When in
a non-injecting state, in which the actuator spends most
of its life, the voltage across the de-energise-to-inject in-
jector is therefore relatively high and when in an injecting
state the voltage across the actuator is relatively low.
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[0006] It has now been recognised that the existence
of such a high voltage across the actuator terminals for
a relatively long portion of the injection cycle may ad-
versely affect the injector. This is thought to be attribut-
able, in part, to the fact that the higher the voltage across
theinjector, the higher the stress the actuator is subjected
to when in a non-injecting state. It is also suspected that
a high voltage across the terminals may encourage the
permeation of ionic species into the actuator though its
protective actuator encapsulation. In any event, inaccu-
racies in fuel volume delivery have a detrimental effect
on combustion efficiency and lead to worse fuel economy
and increased exhaust emissions.

[0007] Itis an objectof the invention to provide a meth-
od of operating a piezoelectric fuel injector so as to re-
duce or alleviate the aforementioned disadvantages.

Summary of the Invention

[0008] Accordingtoafirstaspectoftheinvention, there
is provided a method of operating a fuel injector including
a piezoelectric actuator having a stack of piezoelectric
elements, the method comprising applying a discharge
current to the actuator for a discharge period so as to
discharge the stack from a first differential voltage level
across the stack to a second differential voltage level
across the stack so as to initiate an injection event, and
applying a charge current to the actuator for a charge
period so as to charge the stack from the second differ-
ential voltage level to a third differential voltage level so
as to terminate the injection event. At least one engine
parameter of the injection event is determined (e.g.
measured) prior to applying the charge current to the
actuator and the third differential voltage level is selected
in dependence on the at least one engine parameter.
[0009] Inone embodiment, the at least one engine pa-
rameter is determined by measuring the at least one en-
gine parameter prior to the start of the discharge period
(discharge phase) of an injection event and the subse-
quent charging phase of that injection event is then ad-
justed accordingly.

[0010] Alternatively, the at least one engine parameter
is determined by measuring the at least one engine pa-
rameter during the discharge period or after the dis-
charge period, but still prior to the subsequent charge
period.

[0011] The invention selects the third differential volt-
age level to which the stack is recharged at the end of
an injection event in dependence on one or more engine
parameters. The third differential voltage level across the
stack may be varied as a function of fuel pressure within
the common rail of the engine (referred to as rail pres-
sure). For example, if fuel pressure is relatively low, the
third differential voltage level to which the stack is re-
charged to terminate the injection event is set at a lower
level than if fuel pressure is relatively high.

[0012] Typically, the injector includes a valve needle
which is operable by means of the piezoelectric actuator
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to engage and disengage from a valve needle seating
S0 as to control the injection of fuel into the engine. The
magnitude of the voltage drop across the stack deter-
mines the extent of displacement of the stack and, hence,
the extent of displacement of the valve needle. If the volt-
age across the terminals is reduced, the magnitude of
actuator displacement will also be reduced. To get the
same amount of needle lift you nheed more actuator dis-
placement at high rail pressures than at low pressures
because the forces trying to close the needle increase
with pressure. Therefore, implementing the method of
the invention at low rail pressures does not compromise
needle lift to the detriment of injector operation, but does
allow the injector to be operated more efficiently.

[0013] Ifrail pressure is relatively low, for example, ab-
solute valve needle displacement is not critical to injector
operation and so the stack can be recharged to a lower
differential voltage level (the third differential voltage lev-
el) than the first differential voltage level (the differential
voltage at the start of discharge) without compromising
injector performance. By reducing the voltage drop
across the stack under such circumstances, the actuator
is subjected to a reduced stress when in a non-injecting
state which benefits injector life. Also, the permeation of
ionic species into the actuator though the protective ac-
tuator encapsulation will tend to be reduced when there
is a lower voltage drop across the stack.

[0014] Asan alternative to varying the third differential
voltage level in dependence on rail pressure, the third
differential voltage level may be varied as a function of
engine load, engine speed or throttle position, for exam-
ple, or a combination of more than one of the aforemen-
tioned engine parameters.

[0015] In one embodiment, the method includes se-
lecting a charge time for which the charge current is ap-
plied so as to achieve the third differential voltage level.
This is carried out subsequent to the selection of the third
differential voltage level in dependence on the one or
more engine parameters.

[0016] In another embodiment, the third differential
voltage level to which the stack is recharged can be ad-
justed by adjusting the level of a voltage source (e.g. a
high voltage rail) for applying a differential voltage across
the stack.

[0017] It may be convenient for the third differential
voltage level to be selected from a look-up table or data
map of calibration data.

[0018] The third differential voltage level may be a
step-change function of the at least one engine param-
eter or may be a linear function of the at least one engine
parameter.

[0019] According to a second aspect of the invention,
there is provided a drive arrangement, for example form-
ing part of a control unit, for a fuel injector including a
piezoelectric actuator having a stack of piezoelectric el-
ements, the drive arrangement comprising a first element
(s) for applying a discharge current to the actuator for a
discharge period so as to discharge the stack from a first
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differential voltage level across the stack to a second
differential voltage level across the stack so as to initiate
an injection event, and a second element(s) for applying
a charge current the actuator for a charge period so as
to charge the stack from the second differential voltage
level to a third differential voltage level so as to terminate
the injection event. A third element(s) determines at least
one engine parameter prior to applying the charge cur-
rent to the actuator such that the third differential voltage
level to which the stack is charged is selected in depend-
ence on the at least one engine parameter.

[0020] Thefirst, second and third elements of the drive
arrangement may be separate elements, or may be in-
tegral with one another. For example, the elements may
be part of the same circuit board.

[0021] Features of the method of the first aspect of the
invention may be implemented within the drive arrange-
ment of the second aspect of the invention also, alone
or in appropriate combination.

[0022] According to a third aspect of the invention,
there is provided a computer program product comprising
at least one computer program software portion which,
when executed in an executing environment, is operable
to implement the method of the first aspect of the inven-
tion.

[0023] According to a fourth aspect of the invention,
there is provided a data storage medium having the or
each computer software portion of the third aspect of the
invention stored thereon.

[0024] According to afifth aspect of theinvention, there
is provided a microcomputer provided with the data stor-
age medium of the fourth aspect of the invention.

Brief Description of the Drawings

[0025] The invention will now be described, by way of
example only, with reference to the following figures in
which:

Figure 1 shows a fuel injection system including a
piezoelectric injector and an engine control unit
(ECUL),

Figure 2 shows an injector drive circuit forming part
of the fuel injection system in Figure 1,

Figure 3 is a voltage profile for an injection event
sequence for implementation by the injector drive
circuit in Figure 2,

Figure 4 is an idealised drive current profile corre-
sponding to the voltage profile in Figure 3, and

Figure 5 is a voltage profile for an injection event
sequence, in accordance with an embodiment of the
present invention.
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Detailed Description of Preferred Embodiments

[0026] With reference to Figure 1, a piezoelectric in-
jector 2 includes a piezoelectric actuator 4 having a stack
of piezoelectric elements (not identified). The piezoelec-
tric actuator 4 is operable to control the position of an
injector valve needle 6 relative to a valve needle seating
8. Depending on the voltage across the terminals of the
piezoelectric actuator 4, the valve needle 6 is either
caused to disengage the valve needle seating 8, in which
case fuel is delivered into an associated combustion
chamber (not shown) through a set of nozzle outlets 10,
or is caused to engage the valve needle seating 8, in
which case fuel delivery is prevented.

[0027] The piezoelectric injector 2 is controlled by an
injector control unit (ICU) 20 that forms an integral part
of an engine control unit (ECU) 22. The ECU 22 contin-
uously monitors a plurality of engine parameters 24 and
feeds an engine power requirement signal to the ICU 20.
The ICU 20 calculates a demanded injection event se-
guence to provide the required power for the engine and
operates an injector drive circuit 26 of the ECU 22 ac-
cordingly. In turn, the injector drive circuit 26 causes a
current to be applied to or removed from the injector to
achieve the demanded injection event sequence.
[0028] The injector drive circuit 26 is shown in more
detail in Figure 2. The drive circuit 26 includes a high
voltage rail Vi, and a low voltage rail V| g, at approxi-
mately +250 and +50 V respectively, and a ground po-
tential rail GND. A first energy storage capacitor C1 is
connected between the high voltage rail Vi, and a middle
current path 32, and a second storage capacitor C2 is
connected between the middle current path 32 and the
ground potential rail GND. An inductor 34 is connected
in the middle current path 32. The voltage across the first
storage capacitor is V4 and the voltage across the sec-
ond storage capacitor is V¢o.

[0029] Aninjector bank network 30 comprising firstand
second piezoelectric injectors, INJ1 and INJ2 respective-
ly, is connected between the high and low voltage rails,
Vyand V| o, of the injector drive circuit and in series with
the inductor 34. During a non-injecting state, a differential
voltage of approximately +200V is applied across the ter-
minals of the first and second injectors INJ1, INJ2. In the
non-injecting state this differential voltage is the differ-
ence in voltage between the voltage rails Vy, and V| q.
[0030] Adiode D1 is provided between the middle cur-
rent path 32 on the injector side of the inductor L1 and
the high voltage rail Vy;, and another diode D2 is provided
between the ground potential rail GND and the middle
current path 32, again, on the injector side of the inductor
L1. In use, the diode D1 provides a 'voltage clamping
effect’ for a selected injector INJ1 or INJ2 at the end of
its charge phase and prevents the injector INJ1, INJ2
from being driven to voltages higher than V. The diode
D2 provides a recirculation path for current flow during
the discharge phase of operation, as described in further
detail below.
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[0031] The injector bank network 30 further includes
firstand second injector select switches ISQ1, ISQ2. The
injector drive circuit 26 also includes an injector charge
select switch Q1 and an injector discharge select switch
Q2 by which means either of the injectors INJ1, INJ2 may
be selected for charge or discharge operation.

[0032] The injector drive circuit 26 illustrated in Figure
2 is of a type known in the prior art and is described in
further detail in, for example, the following European pat-
ent applications: EP 06255815.0, EP 06254039.8 and
EP 06253619.8. By controlling the injector select switch-
es1SQ1, 1ISQ2, the charge switch Q1, and the discharge
switch Q2, itis possible to drive a varying current through
the injectors INJ1, INJ2, for a required time, such that
the actuator of a selected injector is charged/discharged,
and fuel delivery is controlled accordingly. It will be ap-
preciated that although the injector drive circuit 26 is
shown in Figure 2 as forming an integral part of the ECU
22, this need not be the case and the injector drive circuit
26 may be a separate unit from the ECU 22.

[0033] During an injection event sequence having a
single, main injection of fuel from the first injector INJ1,
it is known to operate the injector drive circuit 26 in the
following manner.

[0034] When in a non-injecting state the first injector
select switch ISQ1 is open and both the charge and dis-
charge select switches Q1, Q2 are open. During this
stage of operation the differential voltage across the ter-
minals of the actuator 4 is at a first differential voltage
level of around 200V. In order to cause the first injector
INJ1 to deliver fuel, the first injector select switch ISQ1
is activated (closed) and the injector discharge select
switch Q2 is activated (closed). This causes charge to
flow out of the injector INJ1, through the inductor L1 and
the discharge select switch Q2 to the ground potential
rail GND. The injector drive circuit 26 determines, from
a look-up table stored in a memory of the ECU 22, a
demanded discharge time for which the discharge cur-
rent is transferred from the actuator. This is referred to
as the discharge phase. Once the discharge time has
elapsed, the injector discharge switch ISQ1 is deactivat-
ed (opened) to terminate charge transfer. As a result of
the charge transfer, the differential voltage across the
injector INJ1 is decreased to a relatively low, second dif-
ferential voltage level. Typically, the second differential
voltage level is between -30V and -50V.

[0035] The differential voltage across the actuator will
remain, or 'dwell’, at the second differential voltage level
for a relatively brief period during which the injector is
injecting fuel.

[0036] In order to terminate an injection event, the in-
jector charge switch Q1 is activated to cause charge to
flow from the high voltage rail Vy,, through the charge
select switch Q1 and into the injector INJ1, thus re-es-
tablishing a differential voltage of about +200V across
the terminals of the injector INJ1. This is referred to as
the charge phase. The time for which the injector charge
switch Q1 is activated to cause the voltage across the
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injector to increase back to the initial differential voltage
level is based on the discharge time of the previous dis-
charge phase so as to ensure that the actuator is fully
charged at the end of the injection event.

[0037] Figure 3 represents the voltage profile of a typ-
ical injection event comprising a single injection of fuel,
as described above. Figure 4 represents the drive current
profile corresponding to the voltage profile in Figure 3.
At time T1 a discharge phase is initiated by driving a
PWM (pulse width modulated) discharge current, at RMS
currentlevel Ipischarce: through the injector for the time
period T1 to T2. The discharge current is turned off at
the end of the discharge phase, at time T2, and the in-
jector remains in the dwell phase until time T3. Between
time T2 and time T3 the injector is injecting fuel. At time
T3 a PWM charge current, at RMS current level lcyarce:
is supplied to the injector for a charge phase, until time
T4 when the charge current Iy argE is turned off and the
injector is returned to its non-injecting state.

[0038] It will be appreciated that because the injector
spends the majority of its service life in a hon-injecting
state, using the aforementioned method of operation it
spends the majority of its service life with a high differ-
ential voltage across the actuator terminals. As dis-
cussed previously, this is prejudicial to injector perform-
ance. The method of the invention is implemented by the
drive circuitin Figures 1 and 2 but improves on the afore-
mentioned method by recognising that, in certain circum-
stances, the differential voltage across the actuator ter-
minals need not be returned, at the end of the charging
phase, to the high differential voltage level of the initial,
non-injecting state.

[0039] Referring to Figure 5, initially at time TO the in-
jector is in a non-injecting state in which the differential
voltage across the actuator is around +200V. At this time
the pressure of fuel in the common rail (rail pressure) is
determined from a rail pressure sensor signal provided
to the ECU 22. At time T1, as described previously, a
discharge current Ip;scyarce iS removed from the actu-
ator, between T1 and T2, so as to remove the demanded
amount of charge from the actuator, thereby reducing
the differential voltage across the actuator to a relatively
low voltage level of around -30V. The differential voltage
may be reduced to as much as-50V or, for smaller values
of needle lift, may be reduced to around OV. The dis-
charge currentlp scharcE iS determined by, for example,
rail pressure and stack temperature.

[0040] At the end of the discharge phase, at time T2,
the discharge current Iy scharce iS removed and the ac-
tuator remains in the dwell phase until time T3. Between
time T2 and time T3 the injector is injecting fuel. If the
rail pressure measured at the start of the injection event
is below a predetermined level, the ECU 22 determines
that it is not necessary to re-establish the initial, relatively
high differential voltage across the actuator 4 at the end
of the charge phase. Instead, the charge current,
lcHaRGE: IS Only supplied to the actuator for a reduced
time period (i.e. T3 to T4’) so that the differential voltage
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across the actuator at the end of the charge phase (i.e.
atthe end of injection) is lower than the differential voltage
at the start of the discharge phase (i.e. at the start of
injection). The ECU 22 selects an appropriate, reduced
charging time from data stored in its memory by first de-
termining (from a look-up table or data map) the differ-
ential voltage that is required across the actuator 4 for
the measured rail pressure. The ECU 22 then determines
(from a look-up table or data map) the appropriate charg-
ing time that will result in this differential voltage across
the actuator. In an open loop charge control strategy, the
charge current is applied for the selected charging time
to achieve the desired differential voltage. As the charge
current is not controlled on voltage, at the end of the
charge phase further current pulses are applied to the
actuator to correct the differential voltage level, if neces-
sary.

[0041] For as long as the pressure in the rail remains
below the predetermined threshold level, for subsequent
injections the actuator is then operated between a re-
duced differential voltage at the start of injection and the
same, reduced differential voltage at the end of injection,
as indicated by the injection event following time T4’ in
Figure 5.

[0042] If, priorto alater injection event, itis determined
that the rail pressure has increased above the predeter-
mined threshold, the charge current Icpyarce IS applied
to the actuator, under the control of the ECU 22, for an
increased time period (e.g. equivalent to T3 to T4 in Fig-
ure 3) so as to re-establish the initial high differential volt-
age level of around +200V across the actuator 4 at the
end of the charging phase.

[0043] Inthe aforementioned method of the invention
the differential voltage across the injector is varied in a
step-change manner through appropriate adjustment of
the charge time. In a more specific example, if, at the
start of an injection event just prior to applying the charge
current, lcyarce: the measured rail pressure is less than
500 bar, the charge time (T3 to T4’) is selected so that
the differential voltage across the actuator at the end of
the injection event is +180V. However, if the measured
rail pressure is greater than or equal to 500 bar, the
charge time (T3 to T4') is selected so that the differential
voltage across the actuator at the end of the injection
event is +200V. The ECU 22 performs the task of mon-
itoring the rail pressure and selecting the differential volt-
age across the injector, and hence the charge time, de-
pending on the rail pressure.

[0044] By way of example, it is likely that at full rail
pressure a differential voltage of +200V is applied across
the actuator terminals in the non-injecting state, with the
differential voltage being reduced to -50V to initiate an
injection. At the lowest rail pressure, the differential volt-
age across the actuator terminals need only be about
+180V for the non-injecting state, with the differential volt-
age being reduced to 0V to initiate an injection. The op-
timum levels of the differential voltage will be dependent
upon, for example, the injector design and the nature of
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the piezoelectric actuator.

[0045] The benefit of the invention is that the actuator
spends a reduced period of time with a high differential
voltage across the actuator terminals, so that the actuator
is subjected to a reduced stress.

[0046] Although the magnitude of actuator displace-
ment will also be reduced for a reduced voltage drop
across the terminals (i.e. between non-injecting voltage
and injecting voltage), at low values of rail pressure a
reduced actuator displacement is required, compared to
high values of rail pressure, and so valve needle lift is
not affected. If rail pressure is relatively low, for example,
absolute valve needle displacement is not critical to in-
jector operation and so the stack can be recharged to a
lower differential voltage without compromising injector
performance.

[0047] Inan alternative embodiment to that described
previously, the differential voltage across the injector may
be varied in a linear manner as a function of the rail pres-
sure, rather than as a step-change function. In other
words, if rail pressure is increased for a second injection
event compared with the previous injection event, the
injector is controlled so that the differential voltage across
the injector at the end of the charging phase is increased
in proportion to the increase in rail pressure by adjusting
the charge time (T3 to T4') appropriately. As described
previously, the ECU 22 selects an appropriate, reduced
charging time from data stored in its memory by first de-
termining (from a look-up table or data map) the differ-
ential voltage that is required across the injector for the
measured rail pressure. The ECU 22 then determines
(from alook-up table or data map) the appropriate charg-
ing time that will result in this differential voltage.

[0048] The method described previously utilises an
open loop charge control strategy to achieve the third
differential voltage. In another embodiment, a closed loop
charge control strategy may be used whereby the charge
across the actuator is measured repeatedly, throughout
the charge phase, by monitoring the voltage across the
actuator to determine the charge level (i.e. using Q =C
x V where Q = charge, C = capacitance and V = voltage).
The charge current is applied to the actuator until such
time as the desired charge (corresponding to the selected
third differential voltage level) is achieved.

[0049] In another variation, a closed loop voltage con-
trol strategy may be used whereby the voltage is meas-
ured throughout the charge phase and the charging cur-
rentis terminated when it is determined that the selected
third differential voltage level has been achieved across
the actuator.

[0050] In another embodiment, the value of the high
voltage rail may be varied in accordance with the meas-
ured rail pressure in order to vary the differential voltage
across the injector. For example, if the rail pressure just
prior to aninjection eventis less than 500 bar, the voltage
applied to the high voltage ralil is set at 150V whereas if
rail pressure is measured to be greater than or equal to
500 bar, the voltage applied to the high voltage rail is set
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at 250V. The level of the high voltage rail influences the
differential voltage across the injector. The ECU 22 per-
forms the task of monitoring the engine parameters and
configuring the value of the high voltage rail.

[0051] By way of example, our co-pending European
patent application EP 06253619.8 describes a method
in which the voltage on the first charge storage capacitor,
V1, can be varied through use of a regeneration switch
circuitry (not shown) forming part of the drive circuit 26.
The regeneration switch circuitry comprises a regenera-
tion switch which is operable by the ECU 22 to vary the
charge that is returned to the first storage capacitor C1
during a regeneration phase which occurs at the end of
an injection event. The charge on the first storage capac-
itor C1 determines the level of the high voltage rail, V.
Therefore, one way of adjusting the level of the high volt-
age rail V, in accordance with the present invention is
to adjust the time for which the regeneration circuitry is
operated, so as to charge the storage capacitor C1, and
hence to set the high voltage rail V), to a level to which
it is appropriate to recharge the stack, given the meas-
ured rail pressure.

[0052] In a variation of the method described above,
the high voltage rail may be varied linearly in proportion
to the measured rail pressure, rather than in a step-
change manner.

Claims

1. A method of operating a fuel injector (2) including a
piezoelectric actuator (4) having a stack of piezoe-
lectric elements, the method comprising:

applying a discharge current (Ip;scharae) to the
actuator (4) for a discharge period so as to dis-
charge the stack from a first differential voltage
level across the stack to a second differential
voltage level across the stack so as to initiate
an injection event, and

applying a charge current (lcyarce) to the ac-
tuator (4) for a charge period (T3 to T4’) so as
to charge the stack from the second differential
voltage level to a third differential voltage level
S0 as to terminate the injection event,

wherein at least one engine parameter is deter-
mined prior to applying the charge current
(IcHarcE) to the actuator (4) and the third differ-
ential voltage level is selected in dependence
on the at least one engine parameter.

2. The method as claimed in claim 1, wherein the step
of determining the at least one engine parameter in-
cludes measuring the at least one engine parameter
prior to the start of the discharge period.

3. The method as claimed in claim 1, wherein the step
of determining the at least one engine parameter in-
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cludes measuring the at least one engine parameter
during the discharge period.

The method as claimed in claim 1, wherein the step
of determining the at least one engine parameter in-
cludes measuring the at least one engine parameter
after the discharge period.

The method as claimed in any one of claims 1 to 4,
wherein the third differential voltage level is selected
as a function of fuel pressure within a common ralil
of the engine.

The method as claimed in any one of claims 1 to 5,
comprising, subsequent to selecting a third differen-
tial voltage level in dependence on the at least one
engine parameter, selecting a charge time for which
the charge current is applied so as to achieve the
selected third differential voltage level.

The method as claimed in any one of claims 1 to 5,
comprising, subsequent to selecting a third differen-
tial voltage level in dependence on the at least one
engine parameter, adjusting the level of a voltage
source (Vy,) for applying a differential voltage across
the stack so as to achieve the selected third differ-
ential voltage level.

The method as claimed in any one of claims 1 to 7,
wherein the third differential voltage level is selected
from a look-up table or data map of calibration data.

The method as claimed in any one of claims 1 to 8,
wherein the third differential voltage level is a step-
change function or a linear function of the at least
one engine parameter.

The method as claimed in any one of claims 1 to 9,
wherein the third differential voltage level is selected
as a function of one or more of engine load, engine
speed and throttle position.

A drive arrangement for a fuel injector (2) including
a piezoelectric actuator (4) having a stack of piezo-
electric elements, the drive arrangement comprising:

a first element or elements for applying a dis-
charge current (Ip;scHarce) to the actuator (4)
for a discharge period so as to discharge the
stack from a first differential voltage level across
the stack to a second differential voltage level
across the stack so as to initiate an injection
event,

a second element or elements for applying a
charge current (Icyarge) to the actuator (4) for
a charge period (T3 to T4') so as to charge the
stack from the second differential voltage level
to a third differential voltage level so as to ter-
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minate the injection event, and

a third element or elements for determining at
least one engine parameter prior to applying the
charge current (Icyarce) to the actuator (4) such
that the third differential voltage level to which
the stack is charged is selected in dependence
on the at least one engine parameter.

A computer program product comprising at least one
computer program software portion which, when ex-
ecuted on an electronic control unit of a fuel injector,
implements the method of any one of claims 1 to 10.

A data storage medium having the computer pro-
gram of claim 12 stored thereon.

A microcomputer provided with the data storage me-
dium of claim 13.

Patentanspriiche

1.

Verfahren zum Betreiben eines Kraftstoffinjektors
(2), der einen piezoelektrischen Aktuator (4) mit ei-
nem Stapel piezoelektrischer Elemente umfasst,
wobei das Verfahren umfasst:

Anlegen eines Entladestroms (Ip;scharcE) @n
den Aktuator (4) wahrend einer Entladeperiode
derart, dass der Stapel von einem ersten diffe-
rentiellen Spannungspegel an dem Stapel auf
einen zweiten differentiellen Spannungspegel
an dem Stapel entladen wird, um ein Einspritz-
ereignis einzuleiten, und

Anlegen eines Ladestroms (Icyarge) @n den
Aktuator (4) wahrend einer Ladeperiode (T3 bis
T4") derart, dass der Stapel von dem zweiten
differentiellen Spannungspegel auf einen dritten
differentiellen Spannungspegel aufgeladen
wird, um das Einspritzereignis zu beenden,
wobei mindestens ein Motorparameter vor dem
Anlegen des Ladestroms (Icyarge) @n den Ak-
tuator (4) ermittelt wird und der dritte differenti-
elle Spannungspegel in Abhangigkeit von dem
mindestens einen Motorparameter gewahlt
wird.

Verfahren nach Anspruch 1, wobei der Schritt des
Ermittelns des mindestens einen Motorparameters
ein Messen des mindestens einen Motorparameters
vor dem Start der Entladeperiode umfasst.

Verfahren nach Anspruch 1, wobei der Schritt des
Ermittelns des mindestens einen Motorparameters
ein Messen des mindestens einen Motorparameters
wahrend der Entladeperiode umfasst.

Verfahren nach Anspruch 1, wobei der Schritt des
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Ermittelns des mindestens einen Motorparameters
ein Messen des mindestens einen Motorparameters
nach der Entladeperiode umfasst.

Verfahren nach einem der Anspriiche 1 bis 4, wobei
der dritte differentielle Spannungspegel als eine
Funktion des Kraftstoffdrucks ineinem Common Rail
des Motors gewahlt wird.

Verfahren nach einem der Anspriiche 1 bis 5, das
nach dem Wahlen eines dritten differentiellen Span-
nungspegels in Abhéangigkeit von dem mindestens
einen Motorparameter ein Wahlen einer Ladezeit
umfasst, wahrend der der Ladestrom angelegt wird,
umden gewahlten dritten differentiellen Spannungs-
pegel zu erreichen.

Verfahren nach einem der Anspriiche 1 bis 5, das
nach dem Wahlen eines dritten differentiellen Span-
nungspegels in Abh&ngigkeit von dem mindestens
einen Motorparameter ein Einstellen des Pegels ei-
ner Spannungsquelle (V) zum Anlegen einer diffe-
rentiellen Spannung an den Stapel umfasst, um den
gewabhlten dritten differentiellen Spannungspegel zu
erreichen.

Verfahren nach einem der Anspriiche 1 bis 7, wobei
der dritte differentielle Spannungspegel aus einer
Nachschlagetabelle oder einem Datenverzeichnis
von Kalibrierungsdaten gewahlt wird.

Verfahren nach einem der Anspriiche 1 bis 8, wobei
der dritte differentielle Spannungspegel eine Trep-
penfunktion oder eine lineare Funktion des minde-
stens einen Motorparameters ist.

Verfahren nach einem der Anspriiche 1 bis 9, wobei
der dritte differentielle Spannungspegel als eine
Funktion der Motorlast, der Motordrehzahl und/oder
der Drosselklappenstellung gewahlt wird.

Antriebsanordnung fir einen Kraftstoffinjektor (2),
der einen piezoelektrischen Aktuator (4) mit einem
Stapel piezoelektrischer Elemente umfasst, wobei
die Antriebsanordnung umfasst:

ein erstes Element oder erste Elemente zum An-
legen eines Entladestroms (Ip;scyarae) @n den
Aktuator (4) wahrend einer Entladeperiode der-
art, dass der Stapel von einem ersten differen-
tiellen Spannungspegel an dem Stapel auf ei-
nen zweiten differentiellen Spannungspegel an
dem Stapel entladen wird, um ein Einspritzer-
eignis einzuleiten,

ein zweites Element oder zweite Elemente zum
Anlegen eines Ladestroms (Icyarge) an den
Aktuator (4) wahrend einer Ladeperiode (T3 bis
T4') derart, dass der Stapel von dem zweiten
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differentiellen Spannungspegel auf einen dritten
differentiellen Spannungspegel aufgeladen
wird, um das Einspritzereignis zu beenden, und
ein drittes Element oder dritte Elemente zum Er-
mitteln mindestens eines Motorparameters vor
dem Anlegen des Ladestroms (Icyarge) an den
Aktuator (4) derart, dass der dritte differentielle
Spannungspegel, auf welchen der Stapel auf-
geladen wird, in Abh&ngigkeit von dem minde-
stens einen Motorparameter gewahlt wird.

Computerprogrammerzeugnis, das mindestens ei-
nen Computerprogrammsoftwareabschnitt umfasst,
welcher, wenn er auf einer elektronischen Steue-
rungseinheit eines Kraftstoffinjektors ausgefiihrt
wird, das Verfahren nach einem beliebigen der An-
spriiche 1 bis 10 implementiert.

Datenspeichermedium, welches das Computerpro-
gramm von Anspruch 12 darauf gespeichert auf-
weist.

Mikrocomputer, der mit dem Datenspeichermedium
von Anspruch 13 versehen ist.

Revendications

1.

Procédé pour faire fonctionner un injecteur de car-
burant (2) qui inclut un actionneur piézo-électrique
(4) possédant une pile d’éléments piézo-€lectriques,
le procédé comprenant :

I'application d’un courant de décharge (lyschage)
a l'actionneur (4) pendant une période de dé-
charge de maniere a décharger la pile depuis
un premier niveau de voltage différentiel aux
bornes de la pile jusqu’a un second niveau de
voltage différentiel aux bornes de la pile de ma-
niére a démarrer un événement d'injection, et
l'application d’'un courant de charge (lgparge) &
I'actionneur (4) pendant une période de charge
(T3 a T4) de facon a charger la pile depuis le
second niveau de voltage différentiel jusqu’a un
troisieme niveau de voltage différentiel de ma-
niére a terminer I'événement d’injection,

dans lequel au moins un parametre du moteur
est déterminé avant d’appliquer le courant de
charge (Iharge) @ I'actionneur (4), etle troisieme
niveau de voltage différentiel est choisi en dé-
pendance dudit au moins un parametre moteur.

Procédé selonlarevendication 1, dans lequel I'étape
de détermination dudit au moins un parametre mo-
teur inclut de mesurer ledit au moins un parametre
moteur avant le démarrage de la période de déchar-

ge.
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Procédé selon larevendication 1, dans lequel I'étape
de détermination dudit au moins un parametre mo-
teur inclut de mesurer ledit au moins un parameétre
moteur pendant la période de décharge.

Procédé selonlarevendication 1, danslequel I'étape
de détermination dudit au moins un parametre mo-
teur inclut de mesurer ledit au moins un parametre
moteur apres la période de décharge.

Procédé selon I'une quelconque des revendications
1 a 4, dans lequel le troisieme niveau de voltage
différentiel est choisi en fonction de la pression du
carburant dans un circuit "common rail" du moteur.

Procédé selon I'une quelconque des revendications
1 a 5, comprenant, a la suite de la sélection d’'un
troisieme niveau de voltage différentiel en fonction
dudit au moins un paramétre moteur, la sélection
d’'un temps de charge pendant lequel le courant de
charge est appliqué de maniére a atteindre le troi-
siéme niveau de voltage différentiel choisi.

Procédé selon I'une quelconque des revendications
1 a5, comprenant, a la suite de la sélection d’'un
troisiéme niveau de voltage différentiel en fonction
dudit au moins un paramétre moteur, I'ajustement
du niveau d’une source de tension (V) pour appli-
quer un voltage différentiel aux bornes de la pile de
maniére a obtenir le troisieme niveau de voltage dif-
férentiel choisi.

Procédé selon I'une quelconque des revendications
1 a 7, dans lequel le troisieme niveau de voltage
différentiel est choisi parmi une table de lecture ou
une carte de données de calibrage.

Procédé selon I'une quelconque des revendications
1 & 8, dans lequel le troisiéme niveau de voltage
différentiel est une fonction a variation par gradins
ou une fonction linéaire dudit au moins un parametre
moteur.

Procédé selon I'une quelconque des revendications
1 & 9, dans lequel le troisiéme niveau de voltage
différentiel est choisi en fonction d’'un ou plusieurs
parameétres que sont la charge moteur, la vitesse
moteur et la position du papillon.

Agencement de pilotage pour un injecteur de carbu-
rant (2) qui inclut un actionneur piézo-électrique (4)
possédant une pile d'éléments piézo-électriques,
I'agencement de pilotage comprenant :

un premier élément ou des premiers éléments
pour appliguer un courant de décharge
(Igecharge) @ l'actionneur (4) pendant une période
de décharge de maniére a décharger la pile
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depuis un premier niveau de voltage différentiel
aux bornes de la pile jusqu’a un second niveau
de voltage différentiel aux bornes de la pile, de
maniére & démarrer un événement d'injection,
un second élément ou des seconds éléments
pour appliquer un courant de charge (Ichage) &
I'actionneur (4) pendant une période de charge
(T3 & T4) de maniére a charger la pile depuis le
second niveau de voltage différentiel jusqu’a un
troisieme niveau de voltage différentiel de ma-
niére a terminer I'’événement d’injection, et

un troisieme élément ou des troisiemes élé-
ments pour déterminer au moins un parametre
moteur avant d’appliquer le courant de charge
(Icharge) a l'actionneur (4) de telle facon que le
troisieme niveau de voltage différentiel auquel
la pile chargée est choisi en fonction dudit au
moins un parameétre moteur.

Produit de programme d’ordinateur comprenant au
moins une partie logicielle formant programme d’or-
dinateur qui, lorsqu’elle est exécutée sur une unité
de commande électronique d’un injecteur de carbu-
rant, met en oeuvre le procédé selon I'une quelcon-
que des revendications 1 a 10.

Support de stockage de données comprenantle pro-
gramme d’ordinateur de la revendication 12 stocké
sur lui-méme.

Micro-ordinateur doté du support de stockage de
données de la revendication 13.
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